The primary purpose of this paper was to provide insight into the effect of different training methods on sprinting time in male youth aged 8-18 years. Specific and nonspecific training methods were identified, the participants of the fiveteen studies chategorized into pre, mid-and postpeak height velocity and effect sizes and percent changes calculated for each training method were appropriate. Plyometric training had the most effect on sprint times in pre-and midpeak height velocity participants, while combined training methods were the most efficient in postpeak height velocity participants. However, it is difficult to quantify the effects of different training methods due to the limited knowledge in this area e.g., resisted training on pre-PHV participants. Furthermore, it may be worthwhile to investigate additional variables (i.e., stride length, stride frequency, horizontal force), to better determine effect of training methods in different maturity statuses, the development of sprinting and possible stages where individual development can be optimized by training.
years of life (17, 27, 43, 47) , it is thought this process is not complete until sexual maturation (21, 48) or even adulthood (5, 16) . Given this information training to promote neural adaptation during this stage of maturation may be beneficial. Hence appropriate training that is supposed to stimulate intermuscular coordination and/ or fast movements (e.g., stride frequency) would seem appropriate before complete myelination of the nervous system (6, 32) . Van Praagh (44) suggested training methods that target the neural/neuromuscular system of the athletes, to improve coordination, movement efficacy, speed of movement or stride frequency should be used to optimize effectiveness of training during this period (5-9 years of age).
The second phase of "accelerated adaptation to training" has been suggested to appear at the age of 12-15 (7, 46) , which is approximately around the onset of peak height velocity (PHV) and the onset of puberty. Improvements in strength and consequently in power output are attributed to the rise of hormone levels (testosterone and growth hormones) associated with puberty (14, 15, 26, 38, 39) around PHV. Sprint training that focuses on the muscular system to improve strength, therefore power output and consequently sprint running speed, might be more appropriate at the age 12-17 for male youth, due to the reason that strength (33) , power, measured in a Wingate (1, 2) , jump (33) and leg flexion/extension test (14, 20) , and speed was affected by maturation (31) .
Accepting these assumptions, the first phase of accelerated window of adaptation to training is dependent on chronological age, while the second phase is related to maturation/PHV and therefore the timing would vary individually. However, cross sectional studies supporting this theory are scarce and results conflicting. The development of sprint performance with regard to chronological age was reported until the age of 15 in sedentary boys (36) . Unfortunately, the participants' maturation was not assessed and therefore only limited information about sprint development and with regard to maturation can be surmised. Two other studies (37, 50) were able to provide sprint performance data with regard to maturation of the participants, but reported conflicting results. While Yagüe and de la Fuente (1998) stated the highest improvements in a 40 m dash occurred 16 months before and 12 months post-PHV (50), Philippaerts (2006; 37) reported no improvements 18 months before PHV, the most improvements in sprint performance from 12 to 6 months prior PHV (37) for eight participants.
Given the conjecture, this paper attempts to collate and synthesize the literature by reviewing popular sprint training methods and their effect on sprint kinetics and kinematics with participants of the included studies classified by chronological age and divided into likely maturity status (pre, mid, and post-PHV). The method of categorization (£12 years of age = pre-PHV; 13-15 years of age = mid-PHV; ³16 years of age = post-PHV) is based on the assumption that peak height velocity in European/North American population take place around the age of 14 (29) with the onset of PHV occurring approximately one year prior the point of PHV (40) . Fifteen years of age as the conclusion for the "mid-PHV" category is due to the fact that participants have reached between 90-94% of their adult stature by the age of 14-15 (29,30) . Though different, given that studies have quantified maturation in various manners (4), this approach may divide different maturity status more appropriately and provide valuable insight about different training methods and their effect on sprint variables with regard to chronological age and their likely associated maturity status'. For the purposes of this review, training studies have been categorized into nonspecific (strength, power and plyometric training methods) and specific sprint training forms (sprint, resisted and assisted training methods). All studies cited in the review involve male participants, and percent changes and effect sizes (ES) are calculated where possible and appropriate. Generally, the ES allows comparisons of the magnitudes of effectiveness of various methods on sprint kinetics and kinematics between studies. The negative ES based on Hopkins (2009) and presented in Table 1 as a description of training effects will be used in this article, due to improvements in sprint performance, a decrease in sprint time, resulted in a negative ES. The purpose of the review is to quantify the effects of different training methods on sprint times in male youth.
Method
To obtain articles for the data analysis, a computer search of PubMed, Google Scholar, Sport Discus, and Medline was conducted. The search terms used as separate words or in combination with each other for the "title", "keywords" and "in-text search" were: "sprint", "sprinting", "acceleration", "velocity", "running", "power", "speed", "agility", "youth", "maturation", "peak height velocity", "pubescent", "effect of", "resisted", "assisted", "downhill", "uphill", "treadmill", "non-motorized", "torque", "plyometric", "strength", "coordination", "training", "children", "performance", "speed" and "skills". The bibliographies of all reviewed articles were then searched and also reviewed. Studies were chosen if they fulfilled the following seven selection criteria: (a) the study used a training method described earlier as nonspecific or specific method; (b) the study detailed the duration of the training and the training frequency per week; (c) the study clearly detailed the outcome measures of interest (i.e., 10 m sprint time); (d) the study gave detailed information about male participants characteristics (i.e., age, height, mass, training status, including standard deviations); (e) the study presented group means and standard deviations for the dependant variable before and after training; (f) studies were published before January 2011; and (g) studies had to be written in the English language and must have been published as a full text article in a peer-review journal. The following characteristics were recorded for all articles: Author, year, sample size, age, training status, maturation, training methods, total amount of training sessions, number of weeks of training intervention, number of sessions per week, testing distance, training effect in percent change and effect size. 
Results
The included studies (N = 17) represented 608 participants. Their age ranged from 11 to 17 with an average age of 12.51 (± 0.76 years), height of 1.56 (± 0.21 m), and mass of 52.28 (± 6.47 kg). The total effect sizes grouped for all maturity statuses were -0.57 (± 0.31), -0.56 (± 1.26), -0.41 (± 0.58) and -0.96 (±0.13) for sprinting-, plyometric-, strength-and combined-training method respectively. Percent changes were -3.47 (± 1.27), -1.07 (± 1.69), -1.95 (± 3.03) and -2.67 (± 0.67) for sprinting-, plyometric-, strength-and combined-training methods respectively. Therefore, qualitative inferences for the effect sizes for different training methods ranged from "small" to "nearly perfect". The results from the included articles for specific, nonspecific and combined training methods, categorized into pre, mid, and post-PHV can be observed in Table 2 .
Specific Sprint Training Forms
Sprint Training Sprint training in this section consisted of straight line sprinting with passive recovery after each all out effort. To our knowledge there are only two studies that fulfill our inclusion criteria, which have investigated the effect of sprint training on sprint performance in youth (23, 45) . The two studies included in this section involved 67 subjects, all in pre-PHV stage, with an average age of 11. Small averaged ES (-0.57 ±0.31) and an average percent change of -3.47 (±1.27) were observed for the included studies. The studies included for sprint training can be observed in Table 5 .
Resisted Sprint Training
The term resisted sprint training is used to describe every form of sprint training in which any form of resistance is applied to an athlete while sprinting. Uphill sprinting is part of resisted sprint running, as well as nonmotorized treadmill sprinting, or sprinting utilizing weighted sleds, vests/ belts, or limb weights. However, there was no literature found that satisfied the inclusion criteria of this paper on the effects of resisted sprint training on kinetic and kinematic sprint variables in youth population.
Assisted Sprint Training Supramaximal or overspeed running are different terms describing assisted running. The athletes are forced to run at a higher pace as they are able to reach and maintain unassisted. Different forms of assisted sprint training exist, i.e., downhill running, towing of athletes and high speed treadmill sprinting. Unfortunately, to our knowledge there is no study investigating the effect of assisted sprint training on sprint variables in youth.
Nonspecific Sprint Training Forms
Strength and Power Training Strength and power training in this section referred to resistance training using body weight or additional external weights. Six studies (9) (10) (11) 13, 25, 49) were included for analysis in this section, which consisted of a total for the programs used in the studies. Combined %changes of -1.95% (± 3.03) were found for all the studies. With regard to the maturation of the participants it needs to be mentioned that only training studies using mid-and post-PHV participants fulfilled the inclusion criteria of the literature review. Therefore the effect of strength training on pre-PHV participants on sprint performance is not covered in the present review. However, it was possible to calculate effects sizes and percent changes from pre-to posttesting for mid-and post PHV participants. All values can be seen in Table 2 . Generally, the effect of strength training in youth athletes was more consistent in post-PHV as two cases for mid-PHV populations failed to report significant improvements (N = 32, ES = 0.30 ± 0.28, %change = 0.90 ± 0.89) in sprint performance while two other studies reported improvements after strength training (N = 74, ES = -0.74 ± 0.35, %change = -3.24 ± 1.17). Interestingly the trivial ES were associated with training durations of 6-8 weeks, whereas the greater training effects were associated with training durations between 12-16 weeks. Coincidently, the ES increased with increasing training duration for the mid-PHV population while 12 weeks training seemed to be most efficient for the post-PHV participants. With regard to the effect of sprint training on different sprint distances it can be stated that 20 m and 30 m sprint distances were the most affected distances in post-and mid-PHV participants respectively. All the studies included in understanding the effects of strength and power training can be observed in Table 3 .
Plyometric Training Plyometric training referred to jump type training and for the subjects involved in this review mostly included jumping, hurdling, skipping and bouncing. Plyometric training programs were used in 10-17 year olds (12, 24, 34, 41) to investigate their effect on sprint performance. Data for pre, mid, and post-PHV populations were calculated from four studies (N = 140), with an average age of Table 4 .
Combined Training Combined training methods referred to a training that united two training methods. Studies included in this section used a nonspecific method (i.e., strength training) in combination with either another nonspecific method (i.e., Mid-PHV population Christou (10) Average effect sizes and %change for the pre-PHV group was -0.52 (± 0.13) and -2.67% (± 0.67), 0.00 and 0.00$ for the mid-PHV group and -1.33 (± 0.47) and -5.79% (± 2.54) for the post-PHV group respectively. Duration of training ranged from 6 to 13 weeks, training frequencies of 1-3 sessions per week and a total of 6-39 sessions of strength training in combination with ballistic (28), power (35) , sprint (9, 25) , plyometric (13, 19) and high-speed coordination training (45) improved sprint distance of 0-5 (9,28), 0-9.1 (13), 0-15 (28, 35) , 0-20 (45), 0-30 (25) , and 0-40 (19) meters significantly. Improvements were "moderate", "trivial" and "moderate" to "large" for pre-PHV, mid-PHV and post-PHV participants respectively. With regard to training efficacy on different distances in different maturity categories, it can be stated that combined training methods had more effect on shorter distances in pre-and post-PHV participants. ES for 20 and 40 m were -0.62 and -0.43 for pre-PHV participants and -1.59, -1.30, and -0.88 for 5, 15, and 30 m in post-PHV participants respectively. Unfortunately, only one study (19) reported the maturation of the participants, with all participants grouped into pubic hair stage 1 and 2 for genital development. According to 29) , stages 1 and 2 for pubic hair is an equivalent index of maturation compared with pre-PHV status, with most of the boys (87%) reaching PHV at pubic hair stage 3-5. Therefore participants in the study of Ingle et al. (2006) were grouped into pre-PHV status. A 12 week training period of combined strength and plyometric training improved 40 m sprint performance of pre-PHV male participants. Table 6 presents the included studies for this section on combined training methods.
Discussion and Conclusions
This paper reviewed all nonspecific and specific sprint training methods and their training effects on overground sprinting in youth. Based on the averaged ES derived from all studies for each training method grouped by maturation status the following tentative conclusions are made:
Pre-PHV
Plyometric training (12, 24) was the most effective training method for improving sprint times in pre-PHV participants (ES = -1.46 ± 1.85, %change = -2.83 ± 0.50), followed by sprint training (23, 45 ; ES = -0.57 ± 0.31, %change = -3.47 ± 1.27) and combined (19, 45 ; ES = -0.52 ± 0.13, %change = -2.67 ± 0.67) training methods. The effect of resisted, assisted and strength and power, training on sprint times in pre-PHV participants is unknown. 
Mid-PHV
Plyometric training methods (34) were the most effective training in mid-PHV participants (ES = -0.57, %change = -2.04) followed by strength (10, 13, 49; ES = -0.30 ± 0.63, %change = -1.46 ± 2.42) and combined (13) training (ES = 0.00, %change = 0.00). Specific sprint training studies in mid-PHV participants were not found throughout the literature, which results in a lack of knowledge in this area.
Post-PHV
Post-PHV participants sprint times benefitted most from combined training methods (25, 28 ; ES = -1.33 ± 0.47, %change = -5.79 ± 2.54) followed by strength training (9, 11, 25 ; ES = -0.48 ± 0.58, %change = -2.26 ± 3.44). Figure 1 and 2 illustrates and summarizes the combined effect sizes and percent changes for all training methods and maturity statuses. However, as can be observed from the tables, information about the magnitude of training volume that leads to changes in sprint time is sparse, therefore making definitive conclusions regarding minimal and optimal training loads for each maturation status for specific and nonspecific training forms is problematic. As a result from this treatise of the literature in this area, there is a great deal more research needed. Basing training theory (e.g., windows of trainability) on the number of papers and samples sizes reviewed in this paper is somewhat tenuous and more longitudinal studies are needed for all training methods in all PHV statuses. Furthermore it is difficult to quantify the effects of different training methods with regard to maturation on sprint times if certain training methods have not been used in that maturation group e.g., resisted training on pre-PHV participants. It may be that the development of sprint speed is based on so many factors that it will be extremely difficult to identify stages of development where improved performance will be optimized by training. It may be more worthwhile to concentrate research efforts on the effects of different training methods on additional variables (i.e., stride length, stride frequency, horizontal force, etc) to better determine the development of sprint speed. Accordingly, a more in-depth analysis of sprinting performance, i.e., step-by-step analysis of kinetics and kinematics in addition and relation to split-times, after nonspecific and specific training methods are needed to better define changes in sprint performance and allocate those changes to different distances (first-step vs. acceleration vs. maximum velocity phase) in youth populations. Finally, dedicated measurements of maturation (i.e., age at peak height velocity) need to be included in future measurement of youth populations to better understand adaptation and train for speed throughout the athletes' development. 
